



















Department of Theoretical Physics,
Rudjer Boskovic Institute, P.O.B. 1016,
41001 Zagreb,CROATIA
Abstract
Assuming that leading particles in high-energy hadronic and nuclear collisions
become sources of a classical pion eld, we show that the direct production of pions
favors Centauro ( mainly charged ) events and that the production of pions through
the -type channel favors anti-Centauro ( mainly neutral ) events. We also observe








Recently, there have been several interesting theoretical speculations [1{6] that lo-
calized regions of misaligned vacuum might occur in ultrahigh-energy hadronic and
heavy-ion collisions. These regions become coherent sources of a classical pion eld.
The models in [1{6] predict large isospin uctuations on the event - to - event ba-
sis, in particular the uctuation in the neutral - to - charged ratio, thus oering a
possible explanation of Centauro cosmic-ray experiments [7]. Although the actual
dynamical mechanism of the production of a classical pion eld in the course of a
high-energy collision is not known, there exist a number of calculations in which
the coherent production of pions is considered to be a dominant mechanism [8,9].
These early models also predict strong negative correlations between the number
of neutral and charged pions. In fact, the exact conservation of isospin in a pion
uncorrelated jet model is known [10,11] to give the same pattern of charged/neutral
uctuations as observed in Centauro events. This strong negative neutral-charged
correlation is believed to be a general property of the direct pion emission in which
the cluster formation is not taken into account [12,13,14].
The same conclusion is drawn when a proper multipion symmetrization com-
bined with isospin is considered [15].
In this paper we consider the leading-particle eect as a possible source of a
classical pion eld. Pions are produced from a denite isospin state of the incoming
leading-particle system either directly or through the cluster emission mechanism.
Coherent emitted clusters decay subsequently into pions outside the region of
interaction. We discuss the behavior of the probability distribution of the neutral
- to - charged ratio and the corresponding two-pion correlation functions C
ab
when
the total number of produced pions is nite but large.
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II Coherent production
Many results on hadronic and nuclear collisions can be understood in terms of a
simple picture that the outgoing particles have three origins: beam fragmentation,
target fragmentation, and central production. At high energies most of the pions
are produced in the central region. To isolate the central production, we adopt high-
energy longitudinally dominated kinematics, with two leading particles retaining a
large fraction of their incident momenta.






; i = 1; 2; : : : n; the n-pion
contribution to the s-channel unitarity becomes an integral over the relative impact
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The leading-particle eect is crucial for an approximate treatment of the mul-
tiparticle s-channel unitarity integral, Eq.(1), which enables us to consider the col-
liding particles as a classical source of pions in the following way. At high energies
the matter distributions of the two-leading-particle system are Lorentz-contracted
disks in the center - of - mass system. A highly excited localized system occurs,
just after the collision and then relaxes through the coherent emission of pions [16].
According to [17], this type of coherent emission of pions should saturate close to
the threshold since, once it starts, the resulting pion emission, in the absence of a "
resonance cavity ", prevents further buildup of pion elds. The basic equation for
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b; x) is static, i.e., independent of
time, no pion can be radiated. However, in the dynamical case of hadronic or
nuclear collisions,
~
j acquires time dependence and radiates pions. The reference to
the initial leading-particle system is contained in the variables
~
b and s. The standard




















The S matrix following from such a classical source is still an operator in the




b) to be also a
matrix in the isospace of the leading particles.
















i is a vacuum state with no pions but with two leading particles in the
isostate characterized by II
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where n = n
+
+ n + n
0
:
The coherent production of pions from a classical source [ Eq. (3) ] is described by














where j ~e i represents the isospin-state vector of the two-leading-particle system. It

























b) is the unitary






























is the Fourier transform of a classical pion source. Note that each charged state
of the pion eld has a source that varies arbitrarily in space and time. However,
if we assume pions to be identical, then the isospin of all pions, regardless of their









b; q) = J(s;
~
b; q)~e; (12)
where ~e is a xed unit vector in isospace. At this point the conservation of isospin















denotes the isospin of the emitted pion cloud. In this model, the pions in
the cloud are uncorrelated and described by the same wave function in momentum
space for each pion.
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Assuming further that the total number of emitted pions is nite, but large





) are produced with equal probability, we can sum over all possible




















































This is our basic relation for calculating various pion multiplicity distributions, pion
multiplicities, and pion correlations between denite charge combinations. In gen-
















) dynamically. The nal-





)  (I; I
3
)
case, for example, if the nal-leading particles are nucleons or isobars. However,
if the leading particles are colliding nuclei, it is resonable to assume almost equal





) owing to the large number of various leading isobars
in the nal state.
Note that, in general, the n pion cloud contains components of all isospins:
I

= 0; 1; : : : ; n: The case when both the isospin state of the incoming- and that of
the outgoing-leading-particle systems are xed has been treated in [12].
III Grey-disk dynamics
In order to obtain some detailed results for multiplicity distributions and correla-
tions, we have to choose an explicit form for the source function J(s;
~
b; q):











Here  and b
0
are in general energy-dependent parameters and  is a step function.
The parameter  is expected to grow linearly with ln s in the central region. Such
behavior is also expected from a multiperipheral model.
For I
3
= I; it is a straightforward algebra to calculate the probability of






































; I + 1)
: (16)
Here B(x; y) =
 (x) (y)
 (x+ y)















): In Fig. 1
we show the behavior of P
()
I
for n = 100 and for dierent isospin (I = 0; 1; : : : )
of the initial-leading-particle system. Figure 1 also shows a comparison with the
corresponding binomial distribution. It is clear that our direct-pion-emission model
predicts many more events with a small number of neutral pions (Centauro events),
in particular if the isospin of the initial-leading-particle system is large.
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IV Neutral - to - charged ratio
a) Centauro events




, the fraction of neutral pions in an event with n pions.

























This limiting probability distribution is dierent from the usual Gaussian random
distribution for which one expects P
()
I




Instead, we nd peaking at R = 0 although
hn
0

















n; for I = 0.
(18)
The distribution (17) for I = 0 is similar to the distribution that has been
derived and advocated in the disoriented chiral condensate model [2]. Although the
nal distributions of pions look the same, the underlying mechanism is dierent. In
the disoriented chiral model, the classical pion eld satises a nonlinear equation of





in contrast to our Eq.(3).






































Note the strong negative neutral-charged correlation, which is a general property of
the direct pion production. Experimentally, this correlation is positive at least at
high energies.
b) Anti-Centauro events
Let us now assume that pions are produced through the coherent production
of clusters that decay into two or more pions. The more pions in a cluster, the larger
the correlation eect expected. Here we restrict our discussion to isovector clusters










































where n = 2; 4; : : : is even.
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In the limit n!1, with R = n
0



















This distribution is sharply peaked at R =
1
2





n: According to (22),
there is a substantial probability of events only with neutral pions ( anti-Centauro
events ). The neutral-charged correlations are found to be less negative than in the






(I + 2)(2I + 5)
: (23)
In Fig. 2 we show the behavior of (21) for n = 100; and I = 0; 1; 2; 3:
V Conclusion
Assuming that leading particles in high-energy hadronic and nuclear collisions be-
come a source of a classical pion eld, we have shown that the coherent production
of pions favors Centauro-type events, whereas the coherent production of  - type
clusters will favor anti-Centauro-type events. In the anti-Centauro case, n=n
0
peaks
near 1. The pions in the events of n  n
0
contain very large total isospins of I

 n:





the initial isospin I if it is small. That is, existance of the peak near n
0
=n = 1 in
P (n
0
j n) requires abundance of very high I
0
states which is possible in heavy ion
collisions. The same argument can be made for the Centauro case. We also predict
a strong negative neutral-charged correlation. It is clear that one should consider
both ; ; and other multipion cluster production to obtain a realistic picture of
the classical pion production.
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In addition, the chosen form of the source function of the classical pion eld,
Eq. (14), is too simple. One should probably try to nd a more adequate space-time
structure leading to the pion condensate, for example [17]. Another possibility is to
relate the pion-source function to the single-particle inclusive distribution. We hope
to address this question in the near future.
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Figure captions :





j n) of neutral pions for n = 100 when
the total isospin of the ingoing-leading-particle system is I = 0; 1; 2; 3: The dashed
line represents the corresponding binomial distribution with the isospin invariance
neglected.
Fig. 2. Same as Fig. 1, except that pions are assumed to be emitted through
the isovector  - type channels.
12
References
[1] A.A. Anselm, Phys. Lett B 217, 169 (1989);
A.A Anselm and M. Ryskin, Phys. Lett. B 266, 482 (1991)
A.A. Anselm and M.Bander, Report No. UCI TR 93-32 (November 1993).
[2] J.D. Bjorken, Inv. talk at Symposium on the SSC Laboratory, Report No.
SLAC-PUB-5673 (October 1993);
J.D. Bjorken, Int. J. Mod. Phys. A 7, 4819 (1992); Acta Phys. Pol. B 23, 561
(1992);
J.D. Bjorken, K.L. Kowalski, and C.C. Taylor, Report No. SLAC-PUB-6109
(April 1993) and to appear in the Proceedings of Les Rencontres de Physique
de la Vallee D'Aoste, La Thuile, March 1993.
[3] J.P. Blaizot and A. Krzywicki, Phys. Rev. D 46, 246 (1992);
J.P. Blaizot and A. Krzywicki, Report No. SPhT T94/019, LPTHE Orsay 94/18
(February 1993).
[4] K. Rajagopal and F.Wilczek, Nucl. Phys. B 399, 395 (1993); Nucl. Phys. B 404,
577 (1993).
[5] A. Krzywicki, Phys. Rev. D 48, 5190 (1993).
[6] Z. Huang, Report No. LBL - 34 703 (October 1993).
[7] C.M.G. Lattes, T. Fujimoto, and S. Hasegawa, Phys. Rep. 65, 151 (1980).
[8] D. Horn and R. Silver, Ann. Phys. 66, 509 (1971).
[9] J.C. Botke, D.J. Scalapino, and R.L. Sugar, Phys. Rev. D9, 813 (1974).
[10] P. Pirila, Acta Phys. Pol. B8, 305 (1977).
13
[11] I.V. Andreev, Sov. Physica JETP Lett., 33, 367 (1981).
[12] M. Martinis and V. Mikuta, Phys. Rev. D12, 909 (1975).
[13] L.J. Reinders, Acta Phys. Pol. B7, 256 (1976)
[14] C. Greiner, C. Gong, and B. Muller, Phys. Lett. B316, 226 (1993).
[15] S. Pratt, Phys. Lett. B301, 159 (1993);
S. Pratt and V. Zelevinsky, Phys. Rev. Lett. 72, 816 (1994).
[16] W. Heisenberg, Z. Phys. 133, 65 (1952).
[17] M. Gyulassy, Nucl. Phys. A354, 395c (1981).
14
